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Description 

BACKG ROUND OF. THE INVENTION 
s Field of the Invention 

[0001] The present invention relates to a human occupancy detection method that can be utilized when estimating 
a ratio of human occupancy in a restricted space such as a train or an elevator hall, and a system for implementing 
the same method. 

10 

Description of the Rotated Art 

[0002] In such fields as security and air-conditioning control systems, there has been an increasing need in recent 
years to measure temperature distributions in restricted spaces in order to detect the presence or absence of humans 
is there and the amount of their activities. 

[0003] Some of known apparatus designed, to measure spatial temperature distributions using infrared radiation 
employ a two-dimensional, quantum-type solid-state imaging infrared sensor. 

[0004] Others employ a pyroelectric sensor to measure spatial temperature distributions, as described, for example, 
in Japanese Patent Unexamined Publication Nos. 64-38391, 57-185695, 2-183752, and 2-196932. Such a method 
so uses a single pyroelectric sensor which is mechanically panned in horizontal and vertical directions to detect energy 
emission from various directions, thereby obtaining a temperature distribution. By obtaining the temperature distribution 
in this manner, the presence of a human in the target space can be detected. 

[0005] In recent years, there has also arisen a strong need for equipment that can exactly measure the degree of 
crowdedness in a restricted space such as a train or an elevator hall. Traditionally, the degree of crowd edness of a 

zs public transport vehicle such as a commuter train has been judged by the train conductor who visually checks how 
crowded the train is, in terms of a percentage, such as 0 to 200%, against the capacity of the train. Train schedules 
have been worked out based on the percentage against the capacity determined by such a personal and more or less 
subjective, judgement This has resulted in situations where some trains are very crowded while others are much less 
crowded; furthermore, on the same train, some cars are crowded and others are not, the congestion rate thus varying 

30 greatfy from train to train and from car to car. 

[0006] If the congestion rate can be measured correctly, the variation in the congestion rate between trains or within 
the same train can be reduced by reflecting the data in the train schedule or by leading passengers to less crowded 
cars. One method under recent study has attempted to estimate the rate of congestion by measuring the weight of 
each car by using a pressure sensor. 

os [0007] This prior art method, however, has the problem that an accurate congestion rate, that is, the proportion of 
areas occupied by humans, cannot be obtained because the method does not take into account such factors as weight 
differences between people, between men and women, and between adults and children, and the weight of luggage. 
[0008] On the other hand, in the case of the traditional method in which the proportion of areas occupied by humans 
in a train is judged based on the personal judgement of the train conductor, there is the problem that, since the judgement 

^o varies from one conductor to another, the train schedule worked out based on such judgement leads to a large variation 
in passenger occupancy rate from train to train. 

[0009] Furthermore, if the passenger occupancy rate varies from one car to another on the same train, passengers 

have to take much trouble and effort to look around from one car to another to find a vacant seat. 

[0010] In view of the above situation, it has been proposed to estimate the passenger occupancy rate by measuring 

45 the weight of each car of a train by means of a pressure sensor. This method, however, inevitably involves a practical 
problem; that is, detailed and accurate data on the proportion of areas occupied by humans (human occupancy ratio) 
cannot be obtained because the sensor detects not only the weight of passengers but the weight of luggage and other 
items, and also because weight differences between individual passengers, between men and women, and between 
adults and children are not taken into account. Another problem is that this method cannot be used lor other applications 

so than the application it is specifically designed for. 

[0011] In buildings, such as exhibition hails and stores, human occupancy ratios, etc. have been measured by human 
senses, and accurate measurements have not been possible. In such places also, meticulous control of air-conditioning 
and lighting systems can be performed by detecting human occupancy ratios accurately and by measuring the state 
and degree of congestion. Furthermore, in an elevator hall, for example, where many people are waiting for elevators, 

ss there has been the problem that an elevator nearly fully loaded with people stops at the floor where many people are 
waiting, while a less crowded elevator passes that floor, thus leaving many people waiting for another elevator to come. 
[0012] EP 0 582 941 A1 discloses a temperature distribution measurement apparatus having an infrared array sensor 
that comprises a pyroelectric substrate with infrared ray detecting electrodes, focusing means that includes an infrared 
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lens for focusing incident infrared rays on he infrared array sensor, cylindrical chopping means for intermittently shield- 
ing the plurality of detector elements form incident infrared rays and a driving means for continuously rotating a rotation 
member which includes the infrared array sensor. This temperature distribution measurement apparatus combined 
with computation means and detector means is applied to determine number, position, and movements of persons in 
a space. 

[0013] In view of the above outlined problems, it is the object of the present invention to provide a method and a 
system that can easily extract a human presence region from a detecting space such as a train, building, etc., that can 
delect and determine the ratio of human occupancy in that space with high reliability and at low cost as compared to 
the prior known method and system. 

[0014] This object is solved by the method of claim 1 and the system of claim 13. Preferred embodiments are dis- 
closed in the dependent claims. 

[001 5] According to the human occupancy detection method of the invention, a human presence region, a human 
presence impossible region, etc. are detected using, for example, an infrared sensor, and the ratio of the area occupied 
by the human presence region to the area of the whole detection region is obtained and is determined as the ratio of 
human occupancy in Ihe target space. Further, by obtaining the number of signal strength peaks within the human 
presence region, for example, the density of that human presence region can be found, which serves to increase the 
accuracy in the detection of the human occupancy ratio. Furthermore, for example, when identifying a human presence 
region and even obtaining the number of persons present therein, a clustering technique or a modeling technique 
based on luzzy inference may be used, or alternatively, the whole space may be divided in a matrix form. In this way 
quick, accurate, and reliable detection of a human occupancy ratio can be achieved with relative ease and at low cost. 
Specifically, by using a rotary-type pyroeleclric infrared sensor, all the shortcomings encountered with pressure sensors 
are eliminated and humans can be detected accurately and reliably. 

[001 6] Further, according to the human occupancy detection system of the invention, the ratio of human occupancy, 
for example, in a public transport vehicle, such as a commuter train, or inside a building, is detected and judged, and 
the result is fed back to responsible control systems, to help to create a comfortable space or conditions for humans. 
In the case of a commuter train, for example, passengers can be alerted to the degree of crowdedness of the train, 
and in the case of an elevator hall, information about the volume of people waiting for an elevator is fed back to the 
elevator control system so that comfortable conditions can be created for humans. Moreover, in the case of a building 
such as a theater or an exhibition hall, illumination and air-conditioning systems can be controlled effectively by meas- 
uring the ratio of human occupancy in the designated space of the building. Likewise, by measuring the ratio of human 
occupancy at a bus stop, bus schedules can be implemented more smoothly. The system using the sensor of the 
invention can be constructed compact and at low cost 

[0017] Thus, the human occupancy detection system of the invention ts very simple in configuration, and by using 
this sensor system, accurate detection of humans can be achieved with ease and at low cost. Accordingly, by using 
the above-described construction, human occupancy detection can be performed easily, accurately, and reliably. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] 

Figure 1 is a diagram showing an arrangement of an infrared sensor and a detection region according to a human 
occupancy detection method in a first embodiment of the invention; 

Figure 2 is a diagram showing human presence regions in a detection region for explaining a human occupancy 

ratio, according to the human occupancy detection method tr* the first embodiment of the invention; 

Figure 3 is a diagram showing human presence regions in a detection region for explaining a human occupancy 

ratio, according to a human occupancy detection method in a second embodiment of the invention; 

Figure 4 is a diagram showing human presence regions in a detection region for explaining a human occupancy 

ratio, according to a human occupancy detection method in a third embodiment of the invention; 

Figure 5 is a schematic diagram showing an infrared sensor used in a human occupancy detection method in a 

fourth embodiment of the invention; 

Figure 6 is a diagram for explaining clustering by fuzzy inference according to the human occupancy detection 
method in the fourth embodiment of the invention; 

Figure 7 A is a diagram for explaining a method of obtaining a human detected region by using a clustering technique 
based on fuzzy inference, according to the fourth embodiment of the invention; 

Figure 7B is a diagram showing human detected regions according to the human occupancy detection method in 
the fourth embodiment of the invention; 

Figure 8 is a schematic diagram showing a top plan view of a railroad car equipped with a human occupancy 
detection system according to a fifth embodiment of the invention; 
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Figure 9 is a schematic diagram showing a side view of the railroad car equipped with the human occupancy 
detection system according to the fifth embodiment of the invention; 

Figure 10 is a schematic diagram showing a top plan view of an elevator hall equipped with a human occupancy 
detection system according to a sixth embodiment of the invention; 
5 Figure 11 is a schematic diagram showing a side view of a bus stop equipped with a human occupancy detection 

system according to an eighth embodiment of the invention; 

Figure 12 is a diagram showing infrared energy outputs of a human, a floor, and other objects, according to the 
embodiments of the invention; 

Figure 1 3 is a top plan view showing a meeting room and a sensor installation position in an experiment conducted 
10 according to the invention; 

Figure 14 is a diagram showing the relationship between correction coefficient a and human body size according 
to an example of the invention; 

Figure 1 5 is a diagram showing the fetation ship between correction coefficient p and relative distance from sensor 
installation position to actual position of detection target, corresponding to pixels in a thermo image, according to 
*s the example of the invention; 

Figure 16 is a flow diagram showing a process for determining human occupancy ratio by utilizing the correction 
coefficients a and fi according to the example of the invention; and 

Figure 17 is a Row diagram showing a process for determining human occupancy ratio according to another ex- 
ample of the invention. 

20 

DESCRIPTION OF THE REFERENCE NUMERALS 

[001 9] 11. Infrared sensor, 12. Detection region, 1 3. Human body, 21 . Detection region, 22. Human presence region, 
31 . Detection region, 32. Human presence impossible region, 33. Human presence region 

2S 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0020] The preferred embodiments of the present invention will now be described below with reference to the ac- 
companying drawings. 

30 

(Embodiment 1 ) 

[0021] First, a human occupancy detection method according to a first embodiment of the invention will be described 
with reference to drawing. 

3S [0022] Figure 1 is a diagram showing an arrangement of an infrared sensor and a detection region according to the 
human occupancy detection method in the first embodiment of the invention. 

[0023] The infrared sensor 11 is installed on the ceiling near the center of a room, and the entire room is set as the 
detection region 1 2. In this situation, detection is performed to determine in which region of the room a human 1 3 exists. 
[0024] Figure 2 is concerned with a specific example showing human presence regions within the detection region 

40 as detected with the above arrangement. It can be seen that ohty the regions where the presence of humans is detected 
are restricted. The proportion of the human presence regions 22 to the whole detection region 21 represents the ratio 
of human occupancy in the room. That is, a designated space is detected by the infrared sensor, and only the human 
presence regions are extracted from that space; then, the ratio of the area ol the thus extracted human presence 
regions to the area of the whole detection region is determined as the ratio of human occupancy in that room. 

45 [0025] When extracting only the human presence regions from the space detected by the infrared sensor, a clustering 
technique based on fuzzy inference may be used to identify human detected regions. In this case also, the ratio of the 
area of the thus identified human presence regions to the area of the whole detection region can be determined as the 
human occupancy ratio. 

so (Embodiment 2) 

[0026] Next a human occupancy detection method according to a second embodiment of the invention will be de- 
scribed with reference to drawing. 

[0027] In this embodiment, the infrared sensor 11 is installed on the ceiling near a wall of the room, unlike the ar- 
ss rangement shown in Figure 1 , and the entire room is set as the detection region 1 2. In this situation, detection is 
performed to determine in which region of the room the human 1 3 exists. 

[0028] Figure 3 is concerned with a specific example showing human presence regions within the detection region 
as detected with the above arrangement. It can be seen that onty the regions where the presence of humans is detected 



4 



EP 0 716 402 B1 



are restricted. Further, a human presence impossible region 32, such as a wall or the like where the presence ol humans 
is impossible, remains stationary and therefore can be detected simultaneously. The proportion of the human presence 
regions 33 to the region remaining after subtracting the human presence impossible region 32 from the detection region 
31 represents the ratio of human occupancy in the room. That is, a designated space is detected by the infrared sensor. 
* - and the human presence regions and the human presence impossible region are extracted from that space; then, the 
ratio of the area of the thus extracted human presence regions to the area of the human presence possible region is 
determined as the ratio of human occupancy in that room. Shown in Figure 3 is a thermo image captured by the infrared 
sensor 11, which indicates that the sensor 11 is installed centrally in the bottom of the rectangular frame shown in the 
figure. 

to [0029] When extracting only the human presence regions from the space delected by the infrared sensor, a modeling 
technique based on fuzzy inference may be used to identify human detected regions. In this case also, the ratio of the 
area of the thus identified human presence regions to the area of the whole detection region can be determined as the 
human occupancy ratio. 

[0030] This embodiment is based on the premise that, using the Infrared sensor, humans can be distinguished from 
is the floor and other objects (such as a desk, etc.) based on their temperature differences, as shown in Figure 12, which 
is a diagram showing the infrared energy outputs of the respective objects, 100 being the infrared energy output of a 
human body. 

(Embodiment 3) 

20 

[0031] A human occupancy detection method according to a third embodiment of the invention will be described 
below with reference to drawing. 

[0032] As in the arrangement shown in Figure 1 , the infrared sensor 11 is installed on the ceiling near the center of 
the room, and the entire room is set as the detection region 12. In this situation, detection is performed to determine 

25 jn which region of the room the human 13 exists. 

[0033] Figure 4 is concerned with a specific example showing human presence regions within the detection region 
as detected with the above arrangement. It can be seen that onty the regions where the presence of humans is detected 
are restricted. Then, the number of signal intensity peaks is counted to determine approximately how many people 
there are in each human presence region, that is, the density of the group. Positions of signal intensity peaks within 

30 the human presence regions are indicated by x. Each peak position corresponds to the head or face of a human. By 
counting the number of signal intensity peaks and relating it to the area, the human occupancy ratio calculated from 
the ratio of areas can be obtained more accurately. 

[0034] More specifically, a designated space is detected by the infrared sensor, human presence regions are ex- 
tracted from that space, the number of signal intensity peaks within each of the human presence regions is obtained, 
35 the number of signal intensity peaks Is related to each of the extracted human presence regions, and the ratio of their 
areas is determined as the ratio of human occupancy in that room. 
[0035] We will describe in further detail how the number is related to the area. 

[0036] The number of peaks within a human presence region can be thought of as representing the density of that 
region. In one method, the area ratio is calculated after correcting the area of each human presence region according 
to to its density, that is, by multiplying the area of each extracted human presence region by a correction coefficient 
determined according to. the number ot peaks, rather than using the area of the human presence regions without 
correction. 

[0037] In the example shown in Figure 4, the human presence regions 42 detected by the infrared sensor 11 arranged 
as described above are shown, but actually neighboring humans in each region are separated from each other by a 
*s certain distance, except the region containing a human (indicated by x in the center of the detection region 41 in the 
figure) directly below the infrared sensor 11. 

[0038] However, the distance between humans is not detected, but each region is delected as a cluster of people. 
[0039] In such a case, therefore, the humane are incorrectly detected as if they are held together in each region 
without spacing between them, as shown in Figure 4, although actually they are separated from each other by a certain 
so distance. 

[0040] This is because, when viewed from the infrared sensor 11 , the head of a person nearer to the sensor is so 
positioned as to conceal the feet of a person behind, so that the tower temperature of the floor or the like, which is 
necessary to separately detect the body heat temperatures of the people positioned one behind the other; cannot be 
detected by the -infrared sensor 11. 
55 [0041] Such incorrect detection tends to occur frequently when the infrared sensor 11 is installed in a comer of a 
designated space such as a room. 

[0042] The aim of this embodiment is to increase the accuracy in the calculation of the human occupancy ratio by 
making corrections by considering the peak counts when the human occupancy ratio cannot be correctly determined 
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by detecting the human presence regions alone. 

[0043] However, if the number of infrared sensors 11 to be installed and the arrangement of them are properly de- 
termined to avoid incorrect detection such as described above, the human occupancy ratio can be obtained with higher 
accuracy by using the human presence regions alone than by using the peak counts alone. 

[0044] That is, since a human presence region by its nature can represent such features as the size of each individual 
human, regions that individual humans actually occupy in a designated space can be detected independently of each 
other. In other words, an adult and a child, or a sumo wrestler and an ordinary man. can be detected as separate 
regions they actually occupy in the designated space, not merely as the number of persons present there. 
[0046] This cannot be distinguished by the peak count method that merely detects the number of persons, and thus, 
utilizing human presence regions has a great significance. 

[0046] When extracting only the human presence regions from the space detected by the infrared sensor, the whole 
detection space may "be divided in a matrix form in order to identify human detected regions. In this case also, the ratio 
of human occupancy in the detected space can be detected from the ratio of their areas. 

(Embodiment 4) 

[0047] A human occupancy detection method according to a fourth embodiment of the invention will be described 
below with reference to drawing. 

[0048] Figure 5 is a schematic diagram showing an infrared sensor used in the human occupancy detection method 
according to the fourth embodiment of the invention. 

[0049] The sensor comprises: a pyroelectric element as a pyroelectric infrared line sensor 51 constructed from a 
plurality of line- like light detectors; an infrared blocking plate disposed on the front side of the pyroelectric element: an 
infrared-transparent silicon lens 53 for focusing infrared Eight onto the pyroelectric element 51; and a chopper 52, 
disposed on the front side of the lens, for periodically interrupting the infrared tight 54 incident on the lens. The chopper 
is mechanics Ify connected to a brush less motor in rotatable fashion. 

[0050] Suppose the sensor assembly is installed with the longitudinal direction of the infrared array sensor 51 aligned 
with the vertical direction, and the chopper 52 is now driven. Then, the distribution of radiation heal energy, i.e., the 
distribution of temperature, can be measured in a longitudinally defined space to which the sensor 51 and the lens 53 
are directed. The range of the measurable space depends on the field angle of the lens and the sensor size. Next, the 
motor is driven and the rotatable part is continuously rotated, causing the sensor with the lens thereon to sweep the 
target space horizontal V While this is being done, the cnopper is driven again to measure the temperature distribution 
in the next longitudinally defined space. After making the measurements in this manner, the temperature distributions 
obtained from successively measured directions are combined together by electrical signal processing, to obtain a 
two-dimensional temperature distribution throughout the target space. 

[0051] By dividing the space in a matrix form in this manner, regions where the presence of humans is detected can 
be identified. Figure 7B shows a specific example showing the human presence regions 71 and local temperature 
peaks (local peaks) 72 obtained in the above process. 

[0052] In this example, the human presence regions are obtained by using a clustering technique based on fuzzy 
inference. A specific example of this process will be described below. 

[0053] Figure 6 is a diagram showing the sensor-output versus similarity- score relationship used in the clustering 
technique based on fuzzy inference according to the human occupancy detection method of the invention. 

(1 ) In a thermo image, a human body region consists of pixels of relatively high temperature. Hence, pixels whose 
temperature (average temperature) is higher than a predetermined threshold temperature are extracted, and the 
region consisting of such pixels is determined as a tentative human presence region 701. This tentative human 
presence region 701 is indicated by dashed lines in Figure 7A. Figure 7A is a diagram showing the state preparatory 
to the next step where the human presence regions, etc. shown in Figure 7B are obtained. For simplicity of expla- 
nation, Figure 7A shows only the region corresponding to the right half of Figure 7B. 

From this tentative human presence region 701 . more precisely defined human presence regions and the 
number of persons present in each region are obtained in the following procedure. 

(2) First, one pixel is selected from within the tentative human presence region 701, and the selected pixel is 
determined as an attention pixel 701a. Then, within a 3x 3-pixel region 711 with the attention pixel 701a at its 
center, the highest-temperature pixel is located which is then recorded as a local peak pixel in a prescribed memory 
(not shown). In the 3 x 3-pixel region 711 shown here : the pixel in the lower right comer is recorded as the local 
peak pixel 721 . 

(3) Next, the similarity score of this local peak pixel 721 is determined as 1.0, and using Figure 6, the similarity 
scores of the other pixels in the same 3 x 3-pixel region 711 are obtained. From among the pixels whose similarity 
scores are thus obtained, the pixels for which the similarity score is 0.5 or greater are selected as pixels forming 
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a human presence region. 

(4) Further, a pixel 70 1b. different from the pixel 701a selected in step (2), is selected Irom within the same tentative 
human presence region 701 , and this pixel is determined as an attention pixel. Then, the above steps (2) and (3) 
are performed on a 3 x 3-pixel region 712 with the attention pixel at its center. The local peak pixel obtained here 
is located at the center in the bottom row of the pixel region 712, which coincides with the local peak pixel 721 
obtained in the previous step {2). All of the other pixels in the same tentative human presence region 701 are 
sequentially set as an attention pixel, and the above process is repeated. 

If there is more than one tentative human presence region, the steps (2) to (4) are performed on all tentative 
human presence regions. 

(5) The local peak pixels, 721 , 722, are thus obtained, the total number of local peak pixels corresponding to 
the number ot persons. Every region consisting of pixels selected from the tentative human presence region as 
pixels constituting a human presence region, can be delected as a human presence region. 

[0054] From the thus obtained human detected region {human presence region) and the number of peaks in the 
human detected region, the area ratio with respect to the whole detection region is obtained from which the degree of 
congestion is estimated. 

[OOSS] When extracting only the human presence regions from the space detected by the infrared sensor, a modeling 
technique based on fuzzy inference may be used to identify the human presence regions. In this case also, the ratio 
of the area of the thus identified human presence regions to the area of the whole detection region can be determined 
as the human occupancy ratio. This can be accomplished by replacing the operation performed using the clustering 
technique, described in the above step (3), by the modeling technique based on fuzzy inference. 
[00S6] As described above, the present embodiment is concerned with a method of detecting the ratio ot human 
occupancy in a designated space, and comprises an infrared array sensor constructed from a plurality of detector 
elements arranged in an array, a chopping means for periodically interrupting infrared radiation incident on the sensor, 
and a driving means for turning an aiming direction of the infrared array sensor in a stepwise manner, wherein after 
making measurements on the outputs ot the detector elements for each aiming direction, the aiming direction is turned 
through a prescribed angle by means of a motor, the measurements are sequentially repeated, and after finishing the 
measurements for a final aiming direction, the motor is rotated backward to the initial aiming direction, thereby extracting 
a human presence region from the whole detection region, and thus detecting the ratio of human occupancy in the 
detected space from the ratio of their areas. The present embodiment thus provides a method that can detect and 
judge the ratio of human occupancy in a designated space by detecting the presence of humans easily and reliably 
as compared lo the prior known method. 

[0057] Next, an example of an experiment conducted using the above method of detecting the number of persons 
from the local peaks will be described. The aim of the experiment was to detect the number of persons present in a 
meeting room by using an infrared sensor. 

(A) Data collection method 
[0058] 

1 ) Number of persons actually residing (every 3 minutes): Visual counting by a person in the meeting room 

2) Number of residing persons by automatic measurement (every 3 minutes): Printer output from control terminal 

3) Output data of A/D converter: Collected by personal computer 

(B) Installation conditions 

[0059] A rotary scanning-type sensor head and an 8-element sensor were used. Chopping frequency was 10 Hz, 
and for each detection field of view, measurements were made for four seconds. The chopper was driven at periodic 
intervals of about one minute. The interior dimensions of the meeting room where detection of human presence was 
made are shown in Figure 1 3. The height to the ceiling was 228 cm. Using a sensor mounting jig, the sensor was 
installed on an overhead air-conditioning outlet at a height of 223 cm and directly above the center of a space enclosed 
by a partition. It was also decided that the sensor should be panned along the longitudinal direction of the table. 
[0060] The sensor was designed with the detection field of view determined on the premise that the sensor was used 
to detect sitting persons. The viewing angle along the sensor panning direction was set at 84 degrees to avoid delecting 
persons passing in the hail outside the room. The setting was made by software, without making hardware modifica- 
tions. As tor the viewing angle perpendicular to the sensor panning direction, a conventional lens with a viewing angle 
of 64 degrees was used to prevent the adjoining meeting room and the partition from being brought into the field of view 
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(C) Results of the experiment 

[0061] As shown in Table 1. the following results were obtained from the experiment. For the presence or absence 
of people, an accuracy of 98.9% was achieved, except immediately after switching of people. All incorrect judgements 
£ , concerned cases where human presence was erroneously judged as no humans present. There were no cases where 
it was judged that a human was present though actually no humans were present. As for the accuracy of presence 
judgement, an accuracy of 74.0% was obtained for ±0 person, and 96.1% for ± 1 person. Overlapping of people was 
judged relatively correctly, though the head count tended to be judged smaller than the actual number, the percentage 
of -1 person being as high as 21.1% ol all the judgements. 
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[0062] The same experiment was conducted using different conditions. This wilt be described below 

(A) Conditions of experiment 

5 [0063] 

Sensor used: Rotary scanning-type sensor 
Detection field of view: 64° x 120° (divided into 8 x 40) 
Sensor installation position: Directly above target region 
jo Sensor installation height: 235 cm 

Subjects: 6 people maximum (5 adult men and one adult woman) 
Clothes: Men - Winter uniform, Woman - White gown 
Temperature: 16 to 27* C 
Floor surface: Resin 

16 

(B) Resufts of study 

1 ) Study of threshold value for judgement of 0 person 

20 [0064] While varying the temperature in the room, humans located at various positions were measured, and the 
average value of the sensor outputs for human body regions was calculated from the obtained sensor matrix data. The 
average sensor output value was able to be expressed by a linear equation in the form of a function of sensor internal 
temperature. Using this function, the presence or absence of people was judged. An accuracy of 1007a was obtained. 

25 2) Tracking of sensor output for a chair after its occupant left 

[0065] Generally, immediately after a person has left his seat, the seat is still warm because of his body heat. It was 
therefore feared that such a seat might be erroneously judged as a person. We monitored the sensor output for a chair 
for some time immediately after its occupant had left the chair It was found that the sensor output dropped below the 
30 threshold value in about one minute. Even when it was erroneously detected as a human body region, the noise 
elimination processing hereinafter described effectively prevented it from being erroneously judged as a human body. 

3) Determination of pixel count for noise elimination 

35 . [0066] A number of heat radiating objects that were likely to be erroneously judged as humans were arranged, and 
their pixel counts were extracted from the sensor matrix data. The heat radiating objects included a cigarette, a hand 
placed on the table, and a notebook-size personal computer. The cigarette occupied one to three pixels, the hand two 
to four pixels, and the notebook computer three to six pixels. When the threshold pixel count for noise elimination was 
set to 7 or less, the number of persons was fairly correctly judged as 5. 

40 

4) Study of pixel count forming a human body 

[0067] While varying the temperature in the room, measurements were made under various conditions, with the 
subjects changing their postures, overlapping one behind another, etc., and pixels forming a human body were ex- 

<5 tracted. The result showed that the pixel count for one human body seldom exceeded 20 to 25, permitting fairly correct 
judgement of overlapping of persons. By dividing the total pixel count by the pixel count per person, with the pixels 
judged in relation to the sensor internal temperature, an accuracy of 100% was obtained with a tolerance of ± 1 person. 
[0068] Next, we will describe a specific example in which the human occupancy ratio is obtained without using the 
local peaks as described above. 

so [0069] First, a two-dimensional thermo image of a designated space is captured using an infrared sensor From the 
thermo image, regions of pixels whose values are larger than a predetermined threshold value are obtained, and of 
these regions, small regions consisting, for example, of two or less pixels are judged as noise and are therefore elim- 
inated (STEP 161 and 162). Human detected regions are identified in this manner (STEP 163). Corrections are made 
on the thus obtained human detected regions by using coefficients, a and p, hereinafter described (STEP 164). 

55 [0070] As shown in Figures 1 4 and 1 5, a is a coefficient tor compensating for human body size, and |J is a coefficient 
for compensating for the distance from the sensor to the detected human body. 

[0071] In Figure 14, the value of a is set larger for a child than for an adult (Japanese) for the following reason. At 
the same position on the floor, when the subject to be detected is a child, the subject is at a longer distance from the 
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sensor than when the subject is an adult, so that the proportion of the area the child occupies in the thermo image is 
smaller than the actual proportion of the area of its presence region to the floor area. The value of a is so set as to 
compensate for this difference and to bring the proportion closer to the actual area proportion. It is assumed here that 
the sensor is mounted on the ceiling. 
5 [0072] On the other hand, the value of p increases with increasing distance between sensor and human body. 

[0073] Using the coefficients a arfd p, the ratio of the human presence region to the human presence possible region 
in the detected range can be corrected (STEP 163 and 164), and therefore, the ratio of human occupancy in a desig- 
nated space can be obtained accurately (STEP 165). A flow diagram illustrating the above processing method is shown 
in Figure 16. 

io [0O74] We will describe below another specific example in which the human occupancy ratio is obtained by using 
the method that delects the number of persons Irom the local peaks as earlier described. 

[0075] In this specific example, after correcting the human presence region by coefficients a and p, as described in 
the foregoing example (STEP 1 61-164), the number of local peaks in the human presence region is detected, and this 
number is made to correspond to the number of persons (STEP 171 and 172). For the number of local peaks, ay value 
is as a numeric value specific to a particular type of human body is considered (see Table 2) (STEP 173). Table 2 will be 
explained. Table 2 shows the proportion (%) of an area occupied by one person to the total area of the floor which is 
a specific detection target region where a sensor is installed. This proportion varies depending on the type of human 
body, that is, whether the subject is a Japanese or a foreigner or a child (the value is thus specific to a particular type 
of human body). 

20 



( Table 2 ) 



Type of human body. 


y value (%) 


Japanese (adult) 


2 ±0.5 


Child 


1 ±0.5 


Foreigner (adult) 


3 ±0.5 



[0076] More specifically, after compensating by a and p. the number of peaks in the human presence region is 
30 detected, and this number is determined as the number of persons existing in that region. Then, the a- and p-corrected 
human occupancy ratio is divided by the number of persons thus obtained. If the resulting value Is within the tolerance 
of ± 0.5 of the numeric value (see Table 2) specific to the human body detected, then the obtained human occupancy 
ratio is adopted (STEP 1 73). If the error is larger than ± 0.5, then the correction coefficient a is changed from one body 
type to another (for example, from Japanese aduft to child), and the human occupancy ratio is recalculated in the same 
35 manner as described above. The obtained human occupancy ratio is then divided by the number of persons (i.e., the 
number of local peaks). If the resulting value is within the specified tolerance (± 0 5) of the numeric value specific to 
the corresponding body type, the a- and p-corrected value is determined as the human occupancy ratio. A flow diagram 
illustrating the above processing method is shown in Figure 17. 

40 (Embodiment 5) 

[0077] A human occupancy detection system according to another embodiment of the invention will be descrfoed 
below with reference to drawing. 

[0078] Figure 8 is a schematic diagram showing a top plan view of a railroad car equipped with the human occupancy 

4$ detection system according to the embodiment of the invention. 

[0079] Infrared sensors 81 are installed in a vestibule 82 or other spaces in a train. The target space is detected by 
the infrared sensors, and human detected regions are extracted from the whole detection region; the ratio of human 
occupancy in the detected space inside the car or in the vestibule can thus be determined from the ratio of the area 
of the extracted human presence regions to the area of the whole detection region. 

50 [0080] Figure 9 is a schematic diagram showing a side view of the car equipped with the human occupancy detection 
system of the invention. 

[0081 ] The human occupancy ratio detected by an infrared sensor 91 is displayed on a display device 92 for viewing 
by people outside the train. Better service can thus be provided to passengers since the occupancy rate of each car 
can be indicated to the passengers before they get into the train. 
55 [0082] When extracting human presence regions from the space inside the car or in the vestibule detected by the 
infrared sensors, a clustering technique based on fuzzy inference may be used to identify the human presence regions. 
In this case also, the human occupancy ratio can be detected from the ratio of their areas. 
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(Embodiment 6) 

[0083] A human occupancy detection system according to another embodiment of the invention will be described 
below with reference to drawing. 
5 [0084] Figure 10 is a schematic diagram showing a top plan view of an elevator hall equipped with the human oc- 
cupancy detection system according to the embodiment of the invention. 

[0085] To detect Ihe ratio of human occupancy in the elevator hall 101 , an infrared sensor 103 is installed on the 
ceiling of the hall. The target space is scanned by the infrared sensor, and human detected regions are extracted from 
the whole detection region; the ratio of human occupancy in the detected space within the elevator hall can thus be 
10 detected from the ratio of the area of the extracted human presence regions to the area of the whole detection region. 
[0086] Furthermore, by feeding back the thus detected human occupancy ratio on each floor to the elevator control 
system, and by controlling the elevators so that they stop preferentially at floors where the human occupancy ratio is 
high, smooth operation of the elevators can be ensured. 

[0087] When extracting human presence regions from the space of the elevator hall detected by the infrared sensor, 
is a modeling technique based on fuzzy inference may be used to identify the human detected regions. In this case also, 
the human occupancy ratio can be detected from the ratio of their areas. 

(Embodiment 7) 

20 [0088] A human occupancy detection system according to another embodiment of the invention will be described 
below. 

[0089] An infrared sensor, such as the one shown in Figure 5, is installed on a ceiling of a building such as a theater 
or an exhibition hall. The target space is scanned by the infrared sensor : and human detected regions are extracted 
from the whole detection region; the ratio of human occupancy in the detected space within the building can thus be 
ss detected from the ratio of the area of the extracted human presence regions to the area of the whole detection region. 
[0090] Furthermore, by feeding back the thus detected. human occupancy ratio to air-conditioning or illumination 
control systems for the detected space, an optimum environment or optimum conditions can be provided to the people 
gathered in that place. 

[0091] When extracting human presence regions from the space of the theater or exhibition hall scanned by the 
30 infrared sensor, the whole detection space may be divided in a matrix form in order to identify the human detected 
regions. In this case also, the human occupancy ratio can be detected from the ratio of their areas. 

(Embodiment 8) 

3S [0092] A human occupancy detection system according to another embodiment of the invention will be described 
below with reference to drawing. 

[0093] Figure 11 is a schematic diagram showing a side view of a bus stop equipped with the human occupancy 
detection system according to the embodiment of the invention. 

[0094] An infrared sensor 111 for detecting people waiting for a bus is installed on the ceiling of the bus stop. The 

40 detection region 11 2 is scanned by the infrared sensor 112, and human detected regions are extracted from the whole 
detection region; the ratio of human occupancy in the detected space at the bus stop can thus be detected from the 
ratio of the area of the extracted human presence regions to the area of the whole detection region. 
[0095] By signalling the thus detected human occupancy ratio to bus drivers, smooth bus service can be provided. 
[0096] The infrared sensor used here may be one that comprises an infrared array sensor constructed from a plurality 

45 of detector elements arranged in an array, a chopping means for period teal Jy interrupting infrared radiation incident on 
the sensor, and a driving means for turning the aiming direction of the infrared array sensor in a stepwise manner, 
wherein after making measurements on the outputs of the detector elements for each aiming direction, the aiming 
direction is turned through a predetermined angle by means of a motor, the measurements are sequentially repeated, 
and human detected regions are extracted from IhB whole detection regions, thereby detecting the ratio of human 

so occupancy in the detected space from the ratio of their areas. 

[0097] According to the above-described embodiments, a human presence region, a human presence impossible 
region, etc. are detected using an infrared sensor capable of detecting humans, and the ratio of the area occupied by 
the human presence region to the area of the whole detection region is obtained and is determined as the ratio of 
human occupancy in the target space. Further, by obtaining the number of signal strength peaks within the human 

ss presence region, the density of -that human presence region can be found/which serves to increase the accuracy in 
the detection of the human occupancy ratio. Furthermore, when identifying a human presence region and even ob- 
taining the number of persons present therein , a clustering technique or a modeling technique based on fuzzy inference 
may be used, or alternatively, the whole space may be divided in a matrix form. In this way : quick, accurate, and reliable 
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detection of a human occupancy ratio can be achieved with relative ease and al low cost. Specifically, by using a rotary- 
type pyroelectric infrared sensor and thereby dividing the whole space in a matrix form, an accurate and reliable human 
occupancy ratio can be obtained. 

[0098] Further, according to the human occupancy detection system constructed from a combination of an infrared 
5 sensor and various control devices, the ratio of human occupancy in a public transport vehicle, such as a commuter 
train, or inside a building is detected and judged, and the result is fed back to responsible control systems, to help to 
create a comfortable space or conditions for humans. Specifically, in the case of a commuter train, passengers can be 
alerted to the degree of crowdedness of the train, and in the case ot an elevator hall, information about the volume of 
people waiting tor an elevator is fed back to the elevator control system, the effect of this being to create comfortable 
10 conditions for humans. Moreover, in the case of a building such as a theater or an exhibition hall, illumination and air- 
conditioning systems can be controlled effectively by measuring the ratio of human occupancy in the designated space 
of the building. Likewise, by measuring the ratio of human occupancy at a bus stop, bus schedules can be implemented 
more smoothly, which also greatly contributes to improving customer service. The system using the sensor of the 
invention can be constructed compact and at low cost. The human occupancy detection system of the invention is 
t$ therefore very simple in configuration, and by using (his sensor system, accurate detection of humans can be achieved 
with ease and at low cost. 

[0099) Thus, according to the above-described embodiments, human occupancy detection can be performed easily, 
accurately, and reliably, serving to contribute greatly to the creation of comfortable environment in commuter trains, 
buses, intelligent buildings, etc. 

20 [0100] Rather than estimating the human occupancy ratio from the area ratio, as described above, if the maximum 
number of persons that can be accommodated in a designated space is known in advance the ratio of human occupancy 
in that space can be estimated by calculating the number of persons present there from the number of local temperature 
peaks and by dividing that number by the maximum number of persons that can be accommodated. 
[0101] • The area ratio used in this invention may be calculated based on real area sizes or on pixel areas in a thermo 

2S image. For example, there are two methods of obtaining a ratio based on real area sizes. In the first method, the floor 
area of the designated space is given in advance to the sensor processor or sensor system. Then, the ratio of the area 
of the human presence region detected by the sensor to the floor area is calculated. In the second method, the area 
size of the real floor is obtained from the thermo image captured by the sensor This method requires data on the 
sensor installation position in the designated space. Further, if there exists a transient, movable object such as a desk, 

30 such an object can be detected as a human presence impossible region as it is captured. While the above two methods 
are based on real area sizes, the third method Is not. that is, the ratio is calculated from pixel areas In a thermo image, 
as first described. For example, the ratio of humans to the floor area is calculated. 

[01 02] As is apparent from the above description, the present invention offers the advantage that the ratio of human 
occupancy in a designated area can be detected easily and reliably as compared to the prior known system. 

3$ 

Claim* 

1. A human occupancy detection method for detecting a ratio of human occupancy in a designated space (12. 22. 
40 31, 104. 112), wherein said space (12. 22. 31, 104, 112) is monitored by an infrared sensor (11. 81, 91, 103, 111) 

and a proportion that objects (13. 22, 33, 93, 113) detected by the sensor occupy in said space (12, 22, 31 , 104, 
112) is calculated, and based on the result of the calculation, a ratio of human occupancy in said space (12. 22. 
31, 104, 112) is estimated 

45 2. The human occupancy detection method of claim 1 , wherein only a human presence region (22) is extracted from 
said monitored space (21), and an area ratio ot said extracted human presence region (22) relative to a whole 
detection region (21 ) is taken as said ratio of human occupancy. 

3. The human occupancy detection method of claim 1, wherein a human presence impossible region (32) and a 
so human presence region (33) are extracted from said monitored space (31 ), said human presence impossible region 

(32) is subtracted from a whole detection region (31 ). and an area ratio of said extracted human presence region 

(33) relative to a result ol the subtraction is taken as said ratio of human occupancy 

4. The human occupancy detection method of claim 1 . wherein a human presence region (42) is extracted from said 
55 monitored space (41), the number signal strength local peaks (x) within said human presence region (42) is ob- 
tained, and by taking into account the number of the local peaks (x) thus obtained, said ratio of said human occu- 
pancy is estimated on a basis of an area ratio of said extracted human presence region (42) to a whole detection 
region (41 ). 
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5. The human occupancy detection method according to any of claims 2 to 4, wherein an infrared array sensor (51 ) 
is constructed by arranging a plurality of detector elements in an array, inlrared radiation (54) incident on said 
sensor (51 ) is periodically interrupted by chopping means (52), after making measurements on the outputs of said 
detector elements for an aiming direction of said infrared array sensor (S1 ), said aiming direction is turned through 
a prescribed angle by driving means, said measurements are sequentially repeated, and after finishing said meas- 
urements for a final aiming direction, said driving means is rotated backward to an initial aiming direction, thereby 
extracting the human presence region (1 3, 22, 33) from the whole detection region (12, 22, 31 ). 

6. The human occupancy detection method of claim 1 t used for detecting said ratio of human occupancy in said 
designated space in a railroad car or a vestibule (82) of a railroad car, wherein a human presence region (93) is 
extracted from a whole detection region, the ratio of human occupancy in the detected space in the railroad car 
or the vestibule (82) of the railroad car is detected from an area ratio of said extracted human presence region 
(93) relative to said whole detection region, and said detected human occupancy ratio is notified to passengers in 
advance. 

7. The human occupancy detection method of claim 1, used for detecting said ratio of human occupancy in said 
designated space (104) in an elevator hall (101), wherein a human presence region is extracted from a whole 
detection region (104), the ratio of human occupancy in the detected space in said elevator hall (101) is detected 
from an area ratio of said extracted human presence region relative to said whole detection region (1 04), and said 
detected human occupancy ratio on each floor is ted back to an elevator control system, thereby facilitating smooth 
operation of elevators. (102). 

8. The human occupancy detection method of claim 1, used for detecting said ratio of human occupancy in said 
designated space in a theater, exhibition hall, or like building, wherein a human presence region is extracted from 
a whole detection region, the ratio of human occupancy in the delected space in said building is detected from an 
area ratio of said extracted human presence region relative to said whole detection region, and said detected 
human occupancy ratio is fed back to air-conditioning and illumination control systems for said space. 

9. The human occupancy detection method of claim 1, used for detecting said ratio of human occupancy in said 
designated space (112) at a bus stop, wherein a human presence region (113) is extracted from a whole detection 
region (112), the ratio of human occupancy in the detected space (112) of said bus stop is detected from an area 
ratio of said extracted human presence region (113) relative to said whole detecting region (112), and said detected 
human occupancy ratio is notified to a bus driver, thereby facilitating smooth operation of bus service. 

10. The human occupancy detection method according to any one of claims 2 to 4 or 9 to 23. wherein when extracting 
only a human presence (13, 22, 33. 93, 119) from the space (12, 22, 31. 104, 112) monitored by the infrared sensor 
(11, 81, 91, 103, 111), the human presence region is identified by using a clustering technique based on fuzzy 
inference. 

11 . The human occupancy detection method according to any one of claims 2 to 4 or 9 to 1 2, wherein when extracting 
only a human presence (1 3, 22, 33. 93, 119) from the space (12, 22, 31 , 1 04, 1 1 2) monitored by the infrared sensor 
(11. 81, 91, 103, 111), the human presence region is identified by using a modelling technique based on fuzzy 
inference. 

12. The human occupancy detection method according to any one of claims 2 to 4 or 6 to 9, wherein when extracting 
only a human presence (1 3, 22. 33. 93, 119) from the space (12, 22, 31 , 104, 1 1 2) monitored by the infrared sensor 
(11, 81, 91, 103, 111). the human presence region is identified by dividing said detection region in a matrix form. 

13. A human occupancy detection system for performinq the method for detecting a ratio of human occupancy in a 
designated space according to any one of the preceding claims, wherein an infrared array sensor (51 ) is constructed 
by arranging a plurality of detector elements in an array, infrared radiation (54) incident on said sensor (51) is 
periodically interrupted by chopping means (52), after making measurements on the outputs of said detector ele- 
ments for an aiming direction of said infrared array sensor (51 ), said aiming direction is turned through a prescribed 
angle by driving means, said measurements are sequentially repeated, and after finishing said measurements for 
a final aiming direction, said driving means is rotated backward to an initial aiming direction, thereby extracting the 
human presence region (1 3, 22. 33, 93. 113) from the whole detection region, and thus detecting the ratio of human 
occupancy in said monitored space from a ratio of areas thereof, said detected human occupancy ratio then being 
fed back to a responsible control system. 
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Patentan sprue he 

1, Verlahren zur Erfassung der Anwesenheit von Menschen, um ein verhaltnis der Raumbetegung von Menschen 
in einem Iestgeset2ten Raumbereich (12, 22. 31, 104. 112) zu eriassen, wobei der Raumbereich (12, 22, 31, 104. 
s 112)durch'eineninfraroten Sensor (11, 81, 91, 103, 1 1 1 ) beobachtet wird undein Anteil. den dieObjekte(l3, 22. 

33, 93, 1 1 3), die durch den Sensor erfaBt werden. in dem Raumbereich (1 2. 22, 31 , 1 04, 11 2) belegen, berechnet 
wird und auf der Grundlage des Ergebnisses der Berechnung em Verhattnis der Raumbetegung von Menschen in 
dem Raumbereich (12, 22, 31, 104, 112) geschatzt wird. 

10 2. Verlahren zur Erfassung der Anwesenheit von Menschen nach Anspruch 1, dadurch gekennzelchnet, dafl nur 
ein Sereich mil Anwesenheit von Menschen (22) aus dem beobachteten Raumbereich (21) extrahierl wird und ein 
Flachenverhaltnis des extrahierten Bereichs (22) mit Anwesenheit von Menschen relativ zu einem gesamten Er- 
kennungsbereich (21) als das Verhaltnis der Raumbelegung von Menschen genommen wird. 

is 3, Verlahren zur Erfassung der Anwesenheit von Menschen nach Anspruch 1 , dadurch gokennzelchnel, daS ein 
Bereich (32), in dem die Anwesenheit von Menschen unmoglich ist, und ein Bereich (33) mit Anwesenheit von 
Menschen aus dem beobachteten Raumbereich (31) extrahiert werden, wobei der Bereich (32). in dem die An- 
wesenheit von Menschen unmoglich ist von einem gesamten Erkennungsbereich (31) subtrahiert wird und ein 
Flachenverhaltnis des extrahierlen Bereichs (33) mit Anwesenheit von Menschen relativ zu einem Ergebnis der 

20 Subtraktion als das Verhaltnis der Raumbelegung von Menschen genommen wird. 

4. Verlahren zur Erfassung der Anwesenheit von Menschen nach Anspruch 1 . dadurch gekennzelchnet, daB ein 
Bereich mil Anwesenheit von Menschen (42) aus dem beobachteten Raumbereich (41) extrahiert wird, die Anzaht 
der lokalen Intensitatsspitzen des Signals (x) innemalb des Bereichs mit Anwesenheit von Menschen (42) erhalten 

25 wird und durch das Inbetrachtziehen der Anzahl der somit erhaltenen lokalen Spitzen (x) das Verhaltnis der Raum- 

belegung von Menschen auf einer Basis eines Flachenverhattnisses des extrahierten Bereichs mit Anwesenheit 
von Menschen (42) zu einBm gesamten Erkennungsbereich (41) abgeschatzt wird. 

5. Verfahren zur Erfassung der Anwesenheit von Menschen gemafl eines der Anspruche 2 bis 4, dadurch gekenn- 
30 zelchnet, daB ein inlraroter Array-Sensor (51) durch das Anordnen mehrerer Erkennungselemente in einer Ma- 

trixform konstruiert wird, die infrardte Strahlung (54). die auf den Sensor (51) aultriftt, periodisch durch ein Ab- 
schattungsmittel (52) unterbrochen wird, nach der DurchfOhrung der Messungen der Ausgange der Erkennungs- 
elemente fur eine Ausrichtungsrichtung des infraroten Array-Sensors (51), die Ausrichtungsrichtung um einen 
vorbestimmten Winkel durch ein Antriebsmittel gedreht wird die Messung sequenziell wiederholt wird und nach 
3S dem Abschlufl der Messungen fur eine endgQItige Ausrichtungsrichlung das Antriebsmittel zu einer ursprunglichen 

Ausrichtungsrichtung hin zuruckgedreht wird. wodurch der Bereich mit Anwesenheit von Menschen (13, 22, 33) 
aus dem gesamten Erkennungsbereich (12, 22, 31) extrahiert wird. 

6. Verlahren zur Erfassung der Anwesenheit von Menschen nach Anspruch 1 , das f flr das Erfassen des Nferhaltnisses 
40 der Raumbetegung von Menschen in einem festgesetzten Raumbereich in einem Eisenbahnwagon oder einem 

Vorraum (82) eines Eisenbahnwagons verwendet wird, wobei ein Bereich mit Anwesenheit von Menschen (93) 
aus einem gesamten Erkennungsbereich extrahiert wird. das Verhattnis der Raumbetegung von Menschen in dem 
erfaBten Raumbereich in dem Eisenbahnwagon oder dem Vorraum 82 des Eisenbahnwagons aus einem Flachen- 
verhaltnis des extrahierten Bereichs mit Anwesenheit von Menschen (93) relativ zu dem gesamten Erkennungs- 
« bereich erfaBt wird und das erfaBte Verhaltnis der Raumbelegung von Menschen den Passagieren im voraus 

mitgeteilt wird. 

7. Verfahren zur Erfassung der Anwesenheit von Menschen nach Anspruch 1 , das zum Erfassen des \ferhattnisses 
der Raumbelegung von Menschen in dem festgesetzten Raumbereich (104) in einer Auf zughalle (101) verwendet 

so wird, wobei ein Bereich mit Anwesenheit von Menschen aus einem gesamten Erkennungsbereich (104) extrahiert 

wird, das Verhaltnis der Raumbelegung von Menschen in dem erfaBten Raumbereich in der Aufzugshalle (101) 
aus einem Flachenverhaltnis des extrahierten Bereichs mit Anwesenheit von Menschen retatlv zu dem gesamten 
Erkennungsbereich (1 04) erfaBt wird und das erfaBte Verhaltnis der Raumbetegung von Menschen auf jeder Etage 
einem Regelsystem fur AufzQge zuruckgetuhrt wird. wodurch der Betriebsabtauf der AufzOge (1 02) erletehtert wird. 

55 

8. Verfahren zur Erfassung der Anwesenheit von Menschen nach Anspruch 1 , das zur Erfassung des verhallnisses 
der Raumbelegung von Menschen in dem festgesetzten Raumbereich in einem Theater, einer Aussteltungshalle 
oder einem ahnlichen Gebaude verwendet wird, wobei ein Bereich mit Anwesenheit von Menschen aus einem 
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gesamten Erkennungsbereich extrahiert wind, das Verhaltnis der Raumbelegung von Menschen in dem erfaGten 
Raumbereich in dem Gebaude aus einem Fiachenverhaltnis des extrahierten Bereichs mi! Anwesenheil von Men- 
schen relativzu dem gesamten Erkennungsbereich (104) ertaBt wirdunddas erfaBte Verhaltnis der Raumbelegung 
von Menschen an eine Klimaanlage und ein Beleuchtungsregelsystem fur den Raumbereich zuruckgeleitet wird. 

9. Vertahren zur Ertassung der Anwesenheit von Menschen nach Anspruch 1 , das zur Erfassung des verhaltnisses 
der Raumbelegung von Menschen in dem festgesetzten Raumbereich (112) einer Bushaltestelle verwendet wird, 
wobei ein Bereich mit Anwesenheit von Menschen (113) aus einem gesamten Erkennungsbereich (112) extrahiert 
wird, das Verhaltnis der Raumbelegung von Menschen in dem erfaBten Raumbereich (112) der Bushaltestelle aus 
einem Fiachenverhaltnis des extrahierten Bereichs mit Anwesenheit von Menschen (113) relativzu dem gesamten 
Erkennungsbereich (112) ertaBt wird und das erfaBte Verhaftnis der Raumbelegung von Menschen einem Bus- 
fahrer angezeigt wird, wodurch der Busbetrieb erteichtert wird. 

10. Vertahren zur Erfassung der Anwesenheit von Menschen nach mindestens einem der Ansprflche 2 bis 4 oder 9, 
wobei der Bereich mil der Anwesenheit von Menschen unter Verwendung eines Clusterverfahrens, basierend auf 
einer Fuzzy-tnterterenz identifiziert wird, wenn nur eine Anwesenheit von Menschen (1 3, 22, 33, 93. 119) aus dem 
Raumbereich (12, 22, 31, 104, 112) extrahiert wird. der durch den intraroten Sensor (11, 81, 91, 103, 111) beob- 
achtet wird. 

11. Vertahren zur Erfassung der Anwesenheit von Menschen nach mindestens einem der Ansprflche 2 bis 4 Oder 9 
bis 10, dadurch gekennzolchnet, daB der Bereich mit Anwesenheit von Menschen unter der verwendung eines 
auf einer Fuzzy-lnterferenz basierenden Model! ierungsvertahrens identifiziert wird, wenn nur eine Anwesenheil 
von Menschen (13, 22, 33, 93, 119) aus dem Raumbereich (12, 22, 31, 104, 112) extrahiert wird, der durch den 
intraroten Sensor (11, 81, 91, 103, 111) beobachtet wird. 

12. Vertahren zur Erfassung der Anwesenheit von Menschen nach mindestens einem der Ansprflche 2 bis 4 oder 6 
bis 9, dadurch gekennzelchnet, daB der Bereich mit Anwesenheit von Menschen durch das Unterteilen des 
Erkennungsbereichs in einer Matrixform identifiziert wird, wenn nur eine Anwesenheit von Menschen (13, 22, 33 ; 
93, 119) aus dem Raumbereich (12, 22, 31, 104, 112) extrahiert wird, der durch den intraroten Sensor (11 , 81. 91 , 
103, 111) beobachtet wird. 

13. System zur Ertassung der Anwesenheit von Menschen. urn das Vertahren zur Erfassung eines Verhaltnisses der 
Raumbelegung von Menschen in einem bestimmten Raumbereich gemaB eines der vorhergehenden Anspruche 
durchzufflhren, wobei ein infraroter Array-Sensor (51) durch das Anordnen mehrerer Detektorel omenta in einer 
Matrixform konstruiert ist, infrarote Strahlung (54), die auf den Sensor (51) einfallt, periodisch durch ein Abschat- 
tungsmittel (52) unterbrochen wird, nach der DurchfOhrung der Messungen der Ausgaben der Detektorelemente 
fflr eine Ausrichtungsrichtung des intraroten Array-Sensors (51 ), die Ausrichtungsrichtung urn einen vorbestimm- 
ten Winkel durch ein Antriebsmittel gedreht wird, die Messungen sequenziell wiederholt werden und nach der 
Beendigung der Messungen fur eine endgOJtige Ausrichtungsrichtung das Antriebsmittel zuruck in eine ursprung- 
Ifche Ausrichtungsrichtung gedreht wird, wodurch der Bereich mit Anwesenheit von Menschen (13, 22, 33, 93, 
1 1 3) von dem gesamten Erkennungsbereich extrahiert wird und das so erfaBte Verhaltnis der Raumbelegung von 
Menschen in dem beobachteten Raumbereich aus einem Verhaftnis von dessen Flachen ertaBt wird und das 
erfaBte Verhaltnis der Raumbelegung von Menschen einem darauf ansprechenden Kontrollsystem zurOckgeleitet 
wird. 



Revondlcatlon* 

1 . Un precede* da detection de presence humaine pour detecter un taux de presence humaine dans un espace ou 
volume design^ (12, 22, 31, 104, 112), dans lequel ledit espace (12. 22. 31, 104, 112) est survetlld par un capteur 
a infrarouge (11, 81. 91, 103, 111) et la proportion que des objets (13, 22, 33, 93, 113). ayant §te detected par le 
capteur, occupent dans ledit espace (12. 22, 31, 104, 112) esl calcul6e, et un taux de presence humaine dans 
ledit espace (12, 22, 31 ,104, 112) est estimS sur la base du resultat du calcul. 

2. Le precede" de detection de presence humaine selon la revendication 1 , dans lequel seule une zone de presence 
humaine (22) est extraite dudit espace ou volume (21 ) surveille\ et un rapport de surface de tadite zone de presence 
humaine (22). extraite par rapport a la totalite de la region de detection (21), est pris comme etant ledit taux de 
presence humaine. 
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3. Le precede de detection de presence humaine selon la revendication 1 , dans lequel une zone a impossibilite de 
presence humaine (32) et une zone a presence humaine (33) sont extraites dudit espace surveille (31 ) t ladite zone 
a impossibilite de presence humaine (32) etant soustraite da la zone globale de detection (31 ), et un rapport de 
surface, enlre ladite zone a presence humaine (33) extraite et le r6sultal de la soustraction. est pris comma etant 

5 ledit taux de presence humaine 

4. Le procede de detection da presence humaine selon la revendication 1 , dans lequel une zone a presence humaine 
(42) est extraite a partir dudit espace ou volume surveille (41 ), des pics locaux (x) de rinlensite du signal num6rique, 
dans ladite zone a presence humaine (42) etant obtenus, et, en prenant en compte le nombre des pics locaux <x) 

'0 ainsi obtenus, ledit taux de presence humaine est estime sur la base d'un rapport de surface entre ladite zone a 

presence humaine (42) extraite et la zone de detection glob ale (41). 

5. Le procede de detection de presence humaine selon Tune quetconque dee revendications 2 a 4. dans lequel un 
capteur a infrarouge (51) est construit par agencement d'une plural it 6 d' elements detecteurs en une mat rice, le 

is rayonnement inlrarouge (54) incident sur ledit capteur (51) est interrompu periodiquement par des moyens de 

hachage (52), apres avoir effectue des mesures sur les signaux de sortie desdits elements detecteur pour une 
direction de pom tags dudit capteur a mat rice infrarouge (S1 ), ladite direction de pointage etant tourne e d'un angle 
present a I'aide de moyens tfentrainement, lesdites mesures etant rep et des sequentiellement et, apres acheve- 
ment desdites mesures concemant une direction de pointage finale, lesdits moyens d'entrafnement sont ramenes 

20 par rotation a une direction de pointage initiate, de maniere a extraire la zone a presence humaine (1 3, 22, 33) de 

la zone de detection g locale (12, 22. 31). 

6. Le procede de detection de presence humaine selon la revendication 1 , utilise* pour detecter ledit taux de presence 
humaine dans ledit espace ou volume designe dans une voiture terroviaire ou un vestibule (82) d'une voiture 

2S | erroviaire, dans lequel une zone de presence humaine (93) est extraite d'une zone de detection globale, le taux 

de presence humaine dans Pespace ou le volume apprehende dans la voiture f erroviaire ou le vestibule (82) de 
la voiture f erroviaire etant apprehend 6 a partir d'un rapport de surface entre ladite zone a presence humaine (93) 
extraite et ladite zone de detection globale, et ledit taux de presence humaine detecte etant notifie" aux passagers, 
prealablement. 

30 

7. Le procede de detection de presence humaine selon la revendication 1 , utilise pour detecter (edit taux de presence 
humaine dans ledit espace ou volume designe (104), dans un hall a ascenseur (101), dans lequel une zone a 
presence humaine est extraite d'une zone de detection globale (104), le taux d'occupation humaine dans Pespace 
sous le volume ddtecte dans ledit hall a ascenseur (101 ) dtant apprehende a partir d'un rapport de surface entre 

35 ladite zone a presence humaine extraite et ladite zone da detection globale (104), el ledit taux de presence humaine 

detecte a chaque etage etant re toume a un system e de commande de I'ascenseur, de (aeon a facilrter un tone- 
tionnement a. rythme fluide des ascenseurs (102). 

8. Le procede de detection de presence humaine selon la revendication 1 , utilise pour apprehende r ledit taux de 
40 presence humaine dans ledit espace ou volume designe" dans un theatre, un. hall d'exposition ou un bat i ment 

analogue, dans lequel une zone a presence humaine est extraite d'une zone de detection globale, te taux de 
presence humaine dans Pespace apprehende dans ledit bailment est detects a partir d'un rapport de surface entre 
ladite zone a presence humaine extraite el ladite zone de detection globale, et ledit taux de presence humaine 
apprehende elant retoume aux system es de commande du conditionnement d'air et de Peclairage dudit espace. 

4S 

9. Le procede de detection de presence humaine selon la revendication 1 , utilise" pour detecter ledit taux de presence 
humaine dans ledit espace ou volume designe (112) a un arret cTautobus, dans lequei une zone a presence hu- 
maine (113) est extraite d'une zone de detection globale (112). le taux de presence humaine dans respace ou te 
volume apprehende (112) dudit arret de bus est detecte a partir d'un rapport de surface entre ladite zone a presence 

so humaine (1 1 3) extraite et ladite zone de detection globale (112), et ledit taux de presence humaine detecte e etant 

notifie a un conduct eur de bus de maniere a facititer un lonctionnement a rythme fluide de la dessert e par bus. 

1 0. Le procede de detection de presence humaine selon Tune quetconque des revendications 2 a 4 ou 9 a 23, dans 
lequel lorsqu'on extrait unique ment une presence humaine (13, 22, 33, 93, 119) de Cespace (12, 22, 31, 104, 112) 

55 surveille par le capteur a infrarouge (1 1 , 81 , 91 , 1 03, 1 1 1 ), la zone a presence humaine est (dentifiee par ('utilisation 

d'une technique de groupage basee sur une inference fioue. 

1 1 . Le procede de detection de presence humaine selon Tune des revendications 2 a 4 ou 9 a 1 2, dans lequel, lorsqu'on 
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extrait seulement une presence humaine (13, 22, 33, 93, 119) de t'espace (12, 22, 31, 104 112) surveille par le 
capteur a infrarouge (11 , 81. 91 , 103, 111) la zone a presence humaine est identifies par utilisation d'une technique 
de modelisation basee sur une inference floue. 

12. Le precede de detection de presence humaine selon I'une quelconque des revendications 2 a 4 ou 6 a 9, dans 
lequel, lorsqu'on extrait seulement une presence humaine, (13, 22, 33, 93, 119) de I'espace (12, 22, 31. 104. 112) 
surveille par lecapleur a infrarouge (11, B1. 91, 103, 111), la zone a presence humaine est identified par la division 
de lad it e zone de detection, sous une forme de ma trice 

13. Un systeme de detection de presence humaine pour mettre en oeuvre la precede de detection d'un taux de pre- 
sence humaine dans un espace ou volume designe selon I'une quelconque des revendications precedentes. dans 
lequel un capteur de matrice a infrarouge (51 ) est construit par agencement d'une pluralite d'elements detecteurs 
en une matrice, le rayonnement infrarouge (54) incident sur (edit capteur (51 ) est period iquement interrompu par 
des moyens de hachage (52), apres avoir effectue des mesures sur les signaux de sortie venant desdits elements 
detecteurs pour una direction de pointage dudit capteur de matrice a infrarouge (51), ladite direction de pointage 
est toumee tfun angle prescrit a I'aide de moyens d'entraTnement, (esdites mesures sont repetees sequentielle- 
ment et, apres avoir acheve lesdites mesures pour une direction de pointage finale, lesdits moyens cTentrainement 
sont ramenes par rotation a ladite direction de pointage initials, de maniere a extraire la zone de presence humaine 
(13, 22. 33, 93. 113) de la zone de detection globale, et dfitecter ainsi le taux de presence humaine dans ledit 
espace surveille, a partir du rapport entre les surfaces de celui-ci, ledit taux de presence humaine detecte etant 
retoume a un systeme de commande reacttf. 
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